A Casino goes smoke free: a longitudinal study of secondhand and thirdhand smoke pollution and exposure AbsTRACT background Secondhand smoke (SHS) in US casinos is common, but little is known about the residue of tobacco smoke pollutants left behind in dust and on surfaces, commonly referred to as thirdhand smoke (THS). We examined SHS and THS pollution and exposure before and during a casino smoking ban and after smoking resumed. Methods A casino was visited nine times over a 15-month period to collect dust, surface and air samples in eight locations. Finger wipe and urine samples were collected from non-smoking confederates before and after a 4-hour casino visit. Samples were analysed for markers of SHS and THS pollution and exposure. Results Exceptionally high levels of THS were found in dust and on surfaces. Although the smoking ban led to immediate improvements in air quality, surface nicotine levels were unchanged and remained very high for the first month of the smoking ban. Surface nicotine decreased by 90% after 1 month (P<0.01), but nicotine and tobacco-specific nitrosamines in dust decreased more slowly, declining by 90% only after 3 months (P<0.01). Exposure was significantly reduced after the ban, but the benefits of the ban were reversed after smoking resumed. Conclusions Long-term smoking in a casino creates deep THS reservoirs that persist for months after a smoking ban. A complete smoking ban immediately improves air quality and significantly reduces exposure to SHS and THS. However, THS reservoirs contribute to continued low-level exposure to toxicants. To accelerate the effect of smoking bans, remediation efforts should address specific THS reservoirs, which may require intensive cleaning as well as replacement of carpets, furniture and building materials.
InTRoduCTIon
Casinos continue to be popular entertainment venues in the USA, with 26% of US adults (approximately 64 million) reporting in June 2016 to have visited a casino in the past 12 months. 1 2 State and federal legislative efforts in the USA banning tobacco use in workplaces and hospitality settings do not apply to casinos operating under tribal jurisdiction on sovereign tribal land. As a consequence, casinos and other gambling facilities remain one of the last bastions in the US hospitality industry that permit indoor smoking and continue to significantly contribute to secondhand smoke (SHS) exposure of millions of patrons and hundreds of thousands of employees in the USA. 2 3 While high air concentrations of SHS pollutants can also be found in other enclosed indoor environments that permit smoking (eg, bars, restaurants, private homes and cars), casinos present a special exposure circumstance in that many operate and allow smoking 24 hours on every day of the year. [4] [5] [6] [7] [8] [9] [10] [11] [12] The consistent and long-term emission of high levels of SHS in the air facilitates the accumulation of the toxic chemical compounds left behind by cigarette smoke in the indoor environment. Commonly referred to as thirdhand smoke (THS), some of the most abundant and toxic chemical compounds that make up the vapour and particulate phases of SHS adsorb on indoor surfaces (eg, carpet fibres and walls), accumulate in settled dust or become embedded in furniture and building materials. 13 14 Individual compounds in THS, as well as THS as a mixture, have been shown to be cytotoxic and genotoxic and include a variety of known and suspected human carcinogens, irritants and other toxicants. [15] [16] [17] [18] [19] While some fraction of the deposited THS may be removed through desorption and ventilation or through vacuuming and washing, the constant new generation of SHS over the course of years of uninterrupted smoking in a casino has the potential to create a reservoir of THS toxicants that will increase over time. When THS accumulates on surfaces and in dust and becomes embedded in building materials, non-smokers may be exposed to THS toxicants even in the absence of SHS from nearby smokers. THS exposure may occur via dermal transfer through physical contact, via ingestion and hand-to-mouth contact with polluted objects and via inhalation of volatile compounds that are emitted from THS reservoirs in dust, on surfaces and in material. There is evidence from chamber and field studies that non-smokers moving into homes of former smokers, living in homes with smokers who quit and staying overnight in smoking-permitted hotel rooms are exposed to THS toxicants. 14 20-27 Across different physical environments, different patterns of tobacco use, and different time periods from the last documented instance of tobacco use, THS has shown remarkable persistence over time. [20] [21] [22] [23] [24] [25] The present study was conducted to investigate the THS reservoir that is created in a casino through long-term tobacco use, how this reservoir changes after a smoking ban is implemented and
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then reversed, and if the THS reservoirs result in exposure to non-smokers visiting the casino.
MeThods study design
This study used a longitudinal design, in which nine different locations in a casino were repeatedly measured over a 15 month period to determine markers of tobacco smoke in the air, on surfaces and in settled dust. Samples were collected at two baseline (BL) smoking-permitted occasions (1 month and 3 months before the smoking ban) and 1 week (W1), 2 weeks (W2), 1 month (M1), 2 months (M2), 3 months (M3), 6 months (M6) and 12 months (M12) after the start of the smoking ban. With the exception of M2 and M3, non-smoking confederates spent 4 hours in the casino, visiting different areas and mimicking the behaviours of casino patrons. The smoking ban was reversed 11 months after its start, and the M12 samples collection occurred 1 month after smoking had resumed.
Casino locations sampled
The online supplementary appendix shows the casino schematics and the locations where measures were collected. Areas A1 -A4 were contiguous and comprised the main smoking area on the casino floor. Area A5 was a smoking-permitted bingo hall and event centre room within the casino. Area A6 was a designated non-smoking slots area on the casino floor separated by automatic doors from the smoking areas. Area A7 was a non-smoking human resources area on the second floor not accessible to casino guests, and area A10 was a non-smoking community centre located in an adjacent building.
Participants
Participants for the exposure assessment were six male and three female adults, ranging in age from 32 years to 59 years (median=52 years). All were confirmed non-smokers (urine cotinine median=0.05 ng/mL; max=0.47 ng/mL) and in general good health who had lived in non-smoking homes for the past 6 months and had not been knowingly exposed to SHS over the past 7 days. Different subsets of confederates participated at each assessment; five participated at BL, W1, W2, M1 and M12, and two at M6. Participants received cash incentives of $80 per visit.
Measures
Detailed descriptions of the environmental, biological and behavioural measures can be found in the online supplementary appendix.
Air nicotine and particulates
Air samples were collected overnight in each of casino areas 1-7 to measure the concentration of nicotine (μg/m 3 ) and respirable suspended particle matter <2.5 micrometres in diameter (PM 2.5 , μg/m 3 ). Air nicotine and PM 2.5 concentrations serve as markers of SHS pollution during the active smoking periods (BL and M12) and of airborne THS during the smoking ban (W1-M6).
Surface nicotine
Surfaces in each casino area were wiped for nicotine at each visit following the method described in Quintana et al. 28 Surface wipe samples were examined for nicotine loading (μg/m 2 ), a marker of THS that accumulates on surfaces.
Dust nicotine and tobacco-specific nitrosamines (TSNAs)
Floor dust samples were collected using a cyclone vacuum High Volume Small Surface Sampler (HVS4, CS3 Inc., Venice, Florida, USA) over a defined area. Samples were examined for nicotine and TSNAs, markers of THS in settled dust.
Finger nicotine
Wipe samples of the confederates' index fingers were collected in a guest room in a non-smoking hotel attached to the casino, before and after their 4-hour visit to the casino. 28 Finger wipe samples were analysed for nicotine, a marker of THS on surfaces touched by confederates, and a marker of exposure to SHS and THS.
Urine cotinine and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL)
Confederates collected a urine sample in a private restroom in a guest room in the non-smoking hotel adjacent to the casino, immediately before and after spending 4 hours on the casino floor, and at each urination through the night at home until approximately 11:00 the following day. Urine samples were examined for cotinine, a metabolite of nicotine and NNAL, a metabolite of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) and a carcinogen in SHS and THS. 29 30 Behavioural record of casino visit
Confederates completed an activity log for each casino visit, indicating the amount of time spent in different casino areas. Of the total 4-hour visit, they spent on average 1 hour 20 min in areas that at BL were non-smoking.
Laboratory analysis
Detailed descriptions of analytic methods can be found in the online supplementary appendix. Air, surface, dust and urine samples for cotinine were analysed in the Graduate School of Public Health Environmental Health Laboratory Facility at San Diego State University using highly sensitive liquid chromatography-tandem mass spectrometry (LC-MS/MS). Urine samples were analysed for NNAL concentration at the Division of Clinical Pharmacology and Experimental Therapeutics, University of California, San Francisco, also using LC-MS/MS.
statistical analyses
To control for non-normal distributions and heterogeneous error variances, we subjected response variables to logarithmic transformation, present boxplots and report geometric means. Stata V.15 statistical software was employed for analyses. The repeated-measures data were analysed using mixed-effects linear regression models with random effects for locations (ie, analyses of surface, dust and air measures) and confederates (ie, analyses of finger nicotine, urinary cotinine and NNAL measures). For each measure, we compared BL levels to each subsequent time point. Models were fit using Restricted Maximum Likelihood estimation, and variances were assumed to be exchangeable. Because some cotinine (11%) and NNAL measures (26%) were below the limit of detection, random effects Tobit regression models were used for these censored data. The type I error rate was set at α=0.05, two tailed.
ResuLTs shs and Ths pollution
Figures 2-4 show air nicotine concentrations, nicotine loadings on surfaces and nicotine concentrations in dust. The BL 20 25 Note: areas sampled: 1: pit; 5: bingo hall; 6: non-smoking slots. BL, baseline; M, month; NS, non-smoking; W, week.
measures for dust and surfaces in these figures combine measures from the two visits before the start of the smoking ban. Additional findings on reductions in air PM 2.5 following the ban and on persistent TSNA concentrations in dust are presented in the online supplementary appendix.
Air nicotine concentration Figure 1 shows the median level was 9.0 µg/m 3 at BL on the casino floor with an IQR of 12.5 µg/m 3 (Q1=0.5; Q3=13.0). In the non-public human resource area (A7), the median air nicotine concentration was 0.16 µg/m 3 (not shown in figure 1 ) or <2% of the median level on the casino floor.
The smoking ban had an immediate effect, decreasing air nicotine concentration on the main casino floor by 97% to 0.3-0.5 μg/m 3 between W1 and M2 and to 0.1 µg/m 3 in M3 and M6 (all P<0.001). In the non-public human resource area (not shown in figure 1 ), air nicotine levels declined to 0.04-0.08 µg/m 3 during the smoking ban, 25%-50% of the BL level (0.16 µg/m 3 ).
When smoking resumed at M12, air nicotine concentrations rebounded to 1.2 µg/m 3 , more than 20 times higher than at the lowest level during the ban. M12 levels were significantly higher than at W1 (P=0.035), M3 (P<0.013) and M6 (P<0.004) during the ban and significantly lower than at BL (P=0.005).
Surface nicotine loading Figure 2 shows the median level across non-smoking and smoking locations in the casino at BL was 651 µg/m 2 with an IQR of 8487 µg/m 2 (Q1=33; Q3=8520). That is, the IQR was 13 times the median level, reflecting the substantial variability in surface nicotine throughout the casino. The geometric mean surface nicotine level in the casino's non-public non-smoking areas (A7 and A10) was 2.3 µg/m 2 (n=5) or 0.3% of the median levels found in the casino (not shown in figure 2) .
Measures taken during the smoking ban showed that nicotine on surfaces reached the highest observed median level a week after the ban was implemented (2910 µg/m 2 ), then declined to 332 µg/m 2 in W2 and 78 µg/m 2 after M1. Nicotine on surfaces reached its lowest levels between 2 months and 6 months into the ban with median levels between 38 µg/m 2 and 65 µg/m 2 . Statistical tests comparing the geometric mean at BL to each of the six measures (χ 2 (7)=34.2, P<0.001) taken during the smoking ban revealed that surface nicotine did not significantly decline during W1 and W2 (P>0.40), followed by significant reductions at M1-M6 (all P<0.01).
After smoking resumed, the median surface nicotine loading across the public casino areas increased to 128 µg/m 3 , about three times higher than its lowest level during the ban, and was significantly lower than BL (P<0.013) and W1 levels (P<0.004) but did not significantly differ from later measures taken during the ban. Figure 3 shows the median level across all locations in the casino at BL was 158 µg/g with an IQR of 82 µg/g (Q1=121; Q3=203). That is, the IQR is only about half of the median level, indicating that dust nicotine is more evenly distributed across a casino than surface nicotine. The geometric mean dust nicotine concentration in the non-public non-smoking areas (A7 and A10) was Research paper Figure 4 Boxplots of change in finger nicotine concentration from non-smoking confederates after a 4-hour casino visit with a reference level from a previous study of non-smokers in non-smoking and smoking settings. 21 BL, baseline; M, month; W, week.
Dust nicotine concentration

Figure 5
Boxplots of change in urine cotinine levels from nonsmoking confederates after a 4-hour casino visit with a reference level from a previous study of non-smokers in non-smoking and smoking settings. 21 BL, baseline; M, month; W, week.
14.5 µg/g (n=2) or 9% of the median levels found in the casino (not shown in figure 3 ). During the smoking ban, dust nicotine levels across the casino floor remained highly elevated for 1 month (medians 116 µg/g-158 µg/g). They then declined to levels below 100 µg/g after M2 (M1 and M2, both P<0.03) and reached their lowest levels at M6 with a median of 19 µg/g (M3 and M6, P<0.01). Statistical tests comparing the geometric mean at BL to each of the six measures taken during the smoking ban (χ 2 =79.0; P<0.001) revealed that levels did not significantly decline in W1 and W2 (P>0.20). Significant reductions were recorded at M1 and M2 (both P<0.03) and M3 and M6 (both P<0.001). The highest dust nicotine levels observed between BL to M2 came from a non-smoking area on the casino floor (A6), rather than a former smoking area. In the non-public non-smoking areas (A7 and A10), dust nicotine concentrations declined from 13 µg/g to 10 µg/g during the first month of the ban and reached levels below 5 µg/g 3 and 6 months into the ban (not shown in figure 3) .
When smoking resumed, dust nicotine increased to 42 µg/g from a low of 19 µg/g just 6 months earlier; this increase, however, was not statistically significant (P=0.13). Figure 4 shows changes in finger nicotine concentrations among confederates associated with a 4-hour visit on the casino floor. At BL, the median change in nicotine on fingers was 288 ng/ wipe and the IQR was 166 ng/wipe. That is, the IQR was only 58% of the median level, indicating that different persons picked up similar amounts of nicotine from the surfaces or from the air in the different locations of the casino (Q1=247 ng/wipe; Q3=413 ng/wipe).
exposure to shs and Ths Finger nicotine
The smoking ban had an immediate effect, decreasing nicotine on fingers by 85%-90% to between 28 ng/wipe and 43 ng/wipe during the W1-M1 visits. At M6, nicotine on fingers reached its lowest level at 16 ng/wipe. Statistical tests comparing the geometric mean change at BL to each of the six measures taken during the smoking ban (χ 2 (5)=24.6; P<0.001) revealed that all changes in finger nicotine measured during the smoking ban were significantly lower than those at BL (all P<0.002), and all levels observed during the ban were significantly higher than zero (all P<0.001).
When smoking resumed at M12, the median change in finger wipe nicotine (29 ng/wipe) was significantly larger than zero (z=6.7, P<0.001) but was not significantly higher compared with measures taken during the ban (all P>0.21). Figure 5 shows that the 4-hour casino visit at BL led to an increase in urine cotinine levels by a median of 2.15 ng/mL (z=13.4, P<0.001). The IQR was 1.5 ng/mL, approximately 70% of the median level, indicating little variability in cotinine levels between confederates and therefore similar levels of exposure during the casino visit.
Urinary cotinine
Following the smoking ban, changes in urinary cotinine associated with the casino visit significantly declined (all P<0.01) but remained significantly higher than zero through M3 (W1 median=0.30 ng/mL, z=3.7, P<0.001, W2 median=0.19 ng/ mL, z=3.0, P<0.002 and M1 median=0.15 ng/mL, z=2.7, P<0.007), indicating statistically significant THS exposure. At M6, the observed increase in cotinine was no longer significantly different from zero (median=0.09 ng/mL, z=1.1, P=0.26).
When smoking resumed at M12, the median increase in urinary cotinine at M12 for the casino visit was 0.65 ng/mL. This increase was significantly greater than zero (z=7.3, P<0.001) and significantly greater than during the smoking ban (z=3.8, P<0.001). Figure 6 shows that the visit at BL increased the NNAL concentration by a median of 0.97 pg/mL. The IQR was 2.1 pg/mL, approximately two times the median level, indicating higher variability in NNAL levels relative to the median than observed for cotinine.
Urinary NNAL
During the smoking ban, urinary NNAL levels associated with the visit significantly declined compared with BL (all P<0.05) and stayed at this lower level throughout the smoking ban. Urinary NNAL levels at W2 (median=0.43 pg/mL; z=2.2, P<0.025) and M1 (median=0.46 pg/mL; z=2.5, P<0.011) were significantly higher than zero, suggesting exposure to NNK from THS reservoirs. At W1 (median=0.22 pg/mL; z=1.4, P=0.15) and M6 (median=0.12 pg/mL; z=0.0, P=0.98), the increases in NNAL were no longer significantly different from zero.
Figure 6
Boxplots of change in urinary NNAL levels from nonsmoking confederates after a 4-hour casino visit with a reference level from a previous study of non-smokers in smoking settings. 21 BL, baseline; M, month; NNAL, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol; W, week.
When smoking resumed at M12, the median increase in urinary NNAL was 0.64 pg/mL. This level was significantly larger than zero (z=4.25, P<0.001) and significantly larger than during the smoking ban (z=2.31, P=0.021).
dIsCussIon
This is the first study to examine THS pollution and exposure in a casino after 21 years of daily smoking. 9 Before, during and after a comprehensive smoking ban, we monitored changes in tobacco smoke pollutants in the air, on surfaces and in dust and examined exposure of non-smokers associated with a 4-hour visit in the casino. Our findings show the immediate and significant benefits of a casino smoking ban on air quality, the presence of deep reservoirs of THS pollutants on surfaces and in dust that persist following the ban and evidence of continued low-level exposure to THS.
Limitations
Because nicotine and NNK are found in SHS and THS, we cannot be absolutely sure that cotinine and NNAL levels observed in confederates during the smoking ban are exclusively the consequence of THS exposure. It is possible that confederates may have been unknowingly and accidentally exposed to SHS or that tobacco smoke may have intruded from outdoor areas into the casino during the smoking ban period. To causally attribute the changes in metabolite levels among confederates who visited the casino, we selected non-smokers who had lived in non-smoking homes for the past 6 months and had not been exposed to SHS over the past 7 days. Most importantly, we collected a urine sample immediately before the casino visit as well as multiple times during the evening and morning after the casino visit. Therefore, changes in metabolite levels may be primarily attributed to exposure sources during the intervening time. The relatively small number of confederates and casino areas provided sufficient statistical power to detect large effects associated with the smoking ban. The study did not have sufficient power to detect smaller effects (eg, d<0.5), even though such effects may still have practical significance.
shs and Ths pollution
Our findings demonstrate that over many years of smoking in a casino, THS accumulates to reach exceptionally high levels of nicotine and TSNAs on surfaces and in dust. Such high levels had not been observed before in studies encompassing hospitality (hotels and rental cars), private (homes and cars) or hospital settings in the USA and can serve as new reference points for exposure and harm assessment models. 19-23 25 31 32 The observed levels rival the very high levels found on surfaces of smoking permitted indoor settings (residences, public buildings, transportation: 214-1511 µg/m 2 ) in Nanjing, China. 33 The median surface nicotine loading in the casino was approximately eight times higher at BL and 37 times higher at W1 than found in smoking-permitted hotel rooms in California (77 µg/m 2 ). 21 The median dust nicotine concentration at BL was 4-9 times higher than found in homes of active smokers (40 µg/g; 17 µg/g). 20 25 The median total TSNA concentration was 95 ng/g, approximately 5-8 times higher, respectively, than found in homes of active smokers. 25 The smoking ban resulted in immediate and significant reductions in air quality associated with SHS (air nicotine and PM 2.5 ). The effect of the smoking ban on THS in dust and on surfaces, however, came about more slowly over a period of months. Surface nicotine levels remained at the high BL levels for the first 2 weeks, before they started to decline over the following months, though they remained at or above levels found in homes of active smokers in California. 20 22 25 28 Dust nicotine and TSNA concentrations remained at or near the very high BL levels for up to 3 months into the smoking ban before they declined to levels found in the homes of active smokers in California. 25 One month after smoking resumed, all THS measures on the casino floor rebounded compared with levels observed during the ban. These levels, however, were still significantly lower than those observed at BL and at the beginning of the smoking ban. This suggests that the THS reservoirs were reduced during the ban to such an extent that 1 month after smoking resumed, the new THS deposits had not negated the significant benefits of the ban.
In addition to unusually high average levels across the sampled locations, surface nicotine loadings showed high spatial variability. At BL and 1 week into the smoking ban, the 25th and 75th percentiles of surface nicotine differed by a factor of 250-300, and the highest level observed was approximately 100 times higher than the median level. This spatial variability is likely the result of the strong adsorptive properties of airborne nicotine and the absorptive properties of the materials with which it comes in contact. This suggests that THS on surfaces of a casino is strongly influenced by tobacco use in close proximity to the location where surfaces were sampled. This is partly supported by the spatial variability of air nicotine concentrations, for which at BL the 25th and 75th percentiles differed by a factor of approximately 25. In contrast, THS in dust collected from casino carpets showed much less variability across locations. For instance, the 25th and 75th percentiles of dust nicotine differed by a factor of 2-3. This indicates that THS in dust is more evenly distributed across a casino, whether by foot traffic, airborne distribution or other transport mechanisms.
The impact of a smoking ban on shs and Ths exposure
Confirming previous research on SHS exposure in smoking-permitted casinos, 9 10 34-38 we found that a single 4-hour visit was associated with statistically significant increase in biomarkers for exposure to nicotine and the carcinogenic tobacco-specific nitrosamine NNK. Consistent with previous research in private and
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What this paper adds ► Smoking in casinos causes hazardous levels of secondhand smoke (SHS). Thirdhand smoke (THS) is the toxic residue resulting from SHS that accumulates in dust, in objects and on surfaces in indoor environments where tobacco has been used. THS reservoirs have been found to persist for months in settings where significant smoking occurred. Non-smokers may be exposed to tobacco smoke pollutants found in THS long after tobacco has been smoked and SHS is no longer present. ► Nothing is known about THS reservoirs in casinos that build up in dust and on surfaces after many years of smoking. Little is known about how THS reservoirs change after a smoking ban is implemented. No research exists on exposure to THS after the implementation of a smoking ban. ► Without a smoking ban, casinos build up massive reservoirs of THS on surfaces and in dust. A smoking ban immediately improved air quality, but THS on surfaces and in dust persisted for months at a high level. After 6 months, they did not reach levels found in smoke-free indoor settings. Three months after the ban, a 4-hour visit still led to exposure to THS toxicants. Comprehensive and well-implemented smoking bans are required to prevent the accumulation of THS and protect patrons and staff from exposure to SHS and THS.
hospitality settings polluted with THS, 20 21 25 this study demonstrated that a single 4-hour casino visit was associated with a significant increase in exposure to THS toxicants even after smoking was banned, until 1 month after the smoking ban was implemented. Six months into the smoking ban, the increases in THS exposure were no longer statistically significant. This pattern matches changes in the levels of THS pollutants found on casino surfaces and in casino dust and air during the smoking ban as well as the nicotine levels detected on participants' hands during their casino visit. Compared with cotinine and NNAL levels associated with SHS exposure at BL and M12, increases in biomarker levels during the smoking ban were 20%-40% for NNAL but only 5%-10% for cotinine. These findings indicate continued exposure to THS during the smoking ban and suggest that, compared with nicotine, the relative contribution of NNK to THS exposure is larger than its contribution to SHS exposure.
Compared with active smokers and to non-smokers living with active smokers, the increases in urinary cotinine and NNAL observed in this study may appear to be relatively low. It is important, however, to consider that these levels were recorded during the smoking ban and after a single 4-hour visit, of which an average of 1 hour 20 min (ie, 33%) was spent in casino areas that were designated as non-smoking at BL and where THS accumulation on surfaces in non-smoking areas was consistently lower than in smoking-permitted areas. Future studies are needed to examine THS exposure among casino personnel and frequent patrons as well as after longer casino visits. Equally important, research is needed on the effects of long-term chronic low-level exposure to potent toxicants.
While a smoking ban significantly reduces THS pollution and exposure, it may not suffice by itself to reduce THS reservoirs to levels that no longer expose non-smokers to its toxicants. Additional remediation efforts are needed to achieve more complete removal of THS. This is likely to involve the cleaning and replacement of carpets and furniture and may also require the replacement of sheetrock and other building materials and built-in furniture. The high degree of persistence and high pollution levels demonstrated in this heavily smoked-in environment demonstrate the need for studies of exposure and harm in THS-contaminated environments and the need for quantitative standards to declare a THS-polluted environment 'remediated'. At this time, however, the only proven method to prevent the accumulation of THS, avoid excessive remediation and mitigation costs and protect patrons and staff from exposure to SHS and THS is a complete and well-implemented smoking ban.
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